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(54) ENERGY-STORING ELEMENT 




(57)Abstract: 

PROBLEM TO BE SOLVED: To improve both 
the energy density and output density of an 
energy- storing element by constituting the 
element of a wound laminated electric double 
layer capacitor, which is formed by laminating a 
plurality of electric double layer capacitors, each 
having two electrodes faced oppositely to each 
other through a separator and an electrolytic 
solution in which the electrodes are dipped upon 
another and spirally winding the laminate. 
SOLUTION: A cylindrical capacitor 1, which is 
used as an energy storing element is constituted 
of a laminated capacitor body 4 which is formed 
by laminating first and second electric double 
layer capacitors 2 and 3 upon another and spirally 
winding the laminate, a container 5 housing the 
spiral capacitor laminate 4, and an electrolytic 



£ * y solution injected into the container 5. Each 

capacitor 2 and 3 is constituted of a pair of carbon 
electric double layer electrodes 9 and 10, which are respectively formed by forming 
carbon layers 8 and 8' on Al electrode foil 6 and Cu electrode foil 7 and a separator 1 1 
interposed between the electrodes 9 and 10. 



CLAIMS 



[Claim(s)] 

[Claim 1] An energy storage element, wherein it has a capacitor layered product 
characterized by comprising the following to which the plural laminates of the electric 



double layer capacitor were carried out and said capacitor layered product consists of two 

or more electric double layer capacitors wound spirally. 

Two electrodes which counter via a separator. 

An electrolysis solution in which this electrode was dipped. 

[Claim 2]The energy storage element according to claim 1, wherein said electrolysis 
solution is organic electrolysis liquid of a nonaqueous solvent system. 
[Claim 3]The energy storage element according to claim 1, wherein said electrolysis 
solution is aqueous electrolysis liquid of a drainage system. 

[Claim 4] The energy storage element according to any one of claims 1 to 3, wherein each 
of said two electrodes is a carbon electric double layer electrode. 

[Claim 5] The energy storage element according to any one of claims 1 to 3, wherein each 
of said two electrodes is an electrochemical capacitor electrode. 

[Claim 6]The energy storage element according to claim 5, wherein said electrochemical 
capacitor electrode is a carbon-sheet electrode which supported ruthenium hydroxide 
expressed with a formula of Ru(OH) 3 and XH2O. 

[Claim 7]The energy storage element according to any one of claims 1 to 6, wherein 
sectional shape of said capacitor layered product is any one shape of a cylindrical shape, 
an ellipse form, and the polygon. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]The energy storage element which this invention belongs to the 
field about storage of electrical energy, and attracts attention as a hybrid power supply 
with the cell for electromobiles especially, It is related with an usable energy storage 
element and the still more nearly usable energy storage element as an emergency power 
source or a backup power supply of IC or a memory combining a fuel cell, a solar cell, 
etc. 
[0002] 

[Description of the Prior Art]In recent years, it is prevention of the effective use of 
energy and environmental destruction as SUBJECT which must tackle by global. 
Especially environmental destruction of mass consumption of the fossil fuel 
accompanying development of an automobile industry, the air pollution by exhaust gas, 
etc. poses a serious problem. The not a problem but global measure which can solve such 
a problem on one company or an one-country level are demanded day by day. 
[0003]The advanced nations which include Japan at least are advancing the measure for 
effective use of energy, reexamination of energy-saving technology and new technical 
development, and also the prevention from environmental destruction regardless of inside 
and outside and government and people. Development of the electromobile which being 
observed in recent years drives as an example of such technical development only with 
the hybrid electric vehicle which combined the gasoline engine and the electric motor, or 
an electric motor, Development of the ice thermal storage art which aimed at effective 
use of the night power in a city part, development of a fuel cell with high generation 
efficiency which is excellent in environment nature, and development of the solar cell 



which exploited solar energy further can be mentioned. 

[0004]By the way, in a hybrid electric vehicle or an electromobile, a battery is used as a 
storage power supply of electrical energy. However, it cannot say that the power density 
characteristic of that a battery excels [ that ] in energy density characteristics is enough, 
but using for the power supply system of an electromobile the capacitor which excels a 
battery in the power density characteristic combining a battery is proposed. 
[0005]What is called an electric double layer capacitor uses capacity with a big electric 
double layer produced in the interface of an electrode and an electrolysis solution, and 
takes the electric charge of this double layer like the charge and discharge of a cell. There 
are a thing of an organic solvent system and a thing of an aqueous solution system in an 
electrolysis solution. 

[0006] Dr awing 3 is a partial decomposition perspective view of a typical cylindrical 
electric double layer capacitor more publicly known than before. A corrosion-resistant 
electrolysis solution is used for this capacitor, it winds the electrode of a couple, and uses 
it as a cylindrical shape. That is, the filmy electrode layered product which made the 
separator 33 which consists of porous membrane made from polyethylene or 
polypropylene between the filmy anode 31 fabricated with material with big surface area 
like activated carbon and binders, such as a fluoro-resin, and the filmy negative pole 32 
fabricated similarly pinch is wound. Thus, by making it spiral, the surface area of the 
electrode occupied in a capacitor becomes large, and the internal resistance of a capacitor 
becomes small in inverse proportion to it. As a result, ionic conductivity can also use a 
large nonaqueous solvent system electrolysis solution for an electrolysis solution with a 
beam as compared with an aqueous solution system electrolysis solution. Since the 
decomposition voltage of the solvent of this nonaqueous solvent system electrolysis 
solution is high more generally than the decomposition voltage of the water which is a 
solvent of an aqueous solution system electrolysis solution, the capacitor using a 
nonaqueous solvent system electrolysis solution can make that part energy density larger 
than the capacitor which used the aqueous solution system electrolysis solution. By the 
way, the capacitor of the monotonous lamination type instead of a cylindrical shape is 
also known from the former. However, as for the capacitor of a monotonous lamination 
type, while capacitor voltage becomes large in proportion to the number of laminations of 
a cell, the internal resistance by an electrolysis solution will also become large in 
proportion to the number of laminations. For this reason, in a monotonous lamination 
type capacitor, since ionic conductivity cannot use a small nonaqueous solvent system 
electrolysis solution with a beam as compared with an aqueous solution system 
electrolysis solution, an aqueous solution system electrolysis solution is mainly used, and 
much package-ization of a cell is attained by it. However, as already stated, since the 
decomposition voltage of an aqueous solution system electrolysis solution is lower than a 
nonaqueous solvent system electrolysis solution, this monotonous lamination type has 
that part and the problem that an energy density becomes small theoretically. 
[0007]Thus, the conventional capacitor can be said to be that the structure of a capacitor 
is decided by whether the electrolysis solution is an aqueous solution system or a 
nonaqueous solvent liquid system. It is as follows when each feature of this rolled-round 
type and a monotonous lamination type is compared. That is, in a rolled-round type, since 
a nonaqueous solvent liquid system electrolysis solution is used as already stated, there 
are no worries about the corrosion of the metal cylinder can (generally aluminum is used 



for the material of a cylinder can) by an electrolysis solution, and it is easily attained by 
whether a seal is mechanical in a cylinder can, and the method of enclosing in total. 
Conversely, since an aqueous solution system electrolysis solution corrodes a metal 
cylinder can, this is not usually used. On the other hand, an aqueous solution system 
electrolysis solution is extraordinarily cheap as compared with a nonaqueous solvent 
liquid system electrolysis solution, in order that the monotonous lamination type using it 
may laminate two or more cells, there are few member mark as compared with what 
carried out the series connection of cylindrical [ single cell type ] to the same number 
electrical-and-electric-equipment target, and it can be expected that the part will also 
serve as low cost. However, since an aqueous solution system electrolysis solution has 
corrosiveness, metal electrodes, such as aluminum, cannot be used for an electrode, but 
carbon is usually used. As for the seal of an electrolysis solution, resin molding-ization 
for every lamination cell round head is usually made. Therefore, it is not clear which type 
is advantageous in cost. Although the high power of high tension and a high current can 
expect a monotonous lamination type theoretically, Although the series connection of two 
or more them will be carried out electrically and the internal resistance by an electrolysis 
solution is ending with a measure in large area-ization of an electrode, a rolled-round 
type (cylindrical), The connection resistance of electric leads increases and it becomes 
impossible to expect high power density in the case where rolled round as compared with 
the monotonous lamination type, and two or more molds (cylindrical) are connected. 
[0008] 

[Problem(s) to be Solved by the Invention]Thus, in both cases, a conventional cylindrical 
capacitor and monotonous lamination type capacitor have merits and demerits. Namely, 
the laminated structure of the electrode applied to a cylindrical capacitor with high 
decomposition voltage of an electrolysis solution and a separator, Although an energy 
density is high, since resistance of an electrolysis solution is strong, monotonous 
lamination is difficult and power density is inferior in it by connection resistance increase 
of electrode lead lines, etc. also as composition to which two or more these cylindrical 
capacitors are connected. On the other hand, although a monotonous lamination type 
capacitor excels a cylindrical capacitor in power density, an energy density is inferior to a 
part with low decomposition voltage of an electrolysis solution, and a cylindrical thing in 
it. 

[0009]Therefore, this invention solves an aforementioned problem and that [ any ] of an 
energy density and power density is aimed at providing the new energy storage element 
which is excellent in a principle target. 
[0010] 

[Means for Solving the Problem]In order to solve an aforementioned problem, an energy 
storage element based on this invention, It has a capacitor layered product to which the 
plural laminates of the electric double layer capacitor which has two electrodes which 
counter via a separator, and the electric field liquid in which this electrode was dipped 
were carried out, and said capacitor layered product consists of two or more electric 
double layer capacitors wound spirally. 

[0011]Preferably, said electrolysis solution is organic electrolysis liquid of a nonaqueous 
solvent system, or aqueous electrolysis liquid of a drainage system. 
[0012]Preferably, each of said two electrodes is a carbon electric double layer electrode. 
[0013]Preferably, each of said two electrodes is an electrochemical capacitor electrode. 



[0014]Preferably, said electrochemical capacitor electrode is a carbon- sheet electrode 
which supported ruthenium hydroxide expressed with a formula of Ru(OH) 3 and XH2O. 
[0015]Preferably, sectional shape of said capacitor layered product is any one shape of a 
cylindrical shape, an ellipse form, and the polygon. 

[00 16] While lamination of two or more cells can be performed and large area-ization of 
an electrode is maintained by rolling up by rolling round two or more electrode pairs, 
increase of internal resistance is controlled. As a result, both an energy density and power 
density can be increased theoretically. 
[0017] 

[Embodiment of the Invention] Below the <example 1 of an embodiment describes one 
embodiment of an energy storage element based on this invention, referring to drawings. 
rOO 181 Drawing I is a partial decomposition perspective view of the cylindrical capacitor 
which is an example of 1 embodiment of an energy storage element based on this 
invention. 

[0019]The cylindrical capacitor 1 is provided with the following. 
The capacitor layered product 4 which the 1st electric double layer capacitor 2 and 2nd 
electric double layer capacitor 3 laminated, and was rolled round spirally. 
The container 5 which stores the spiral capacitor layered product 4. 
The electrolytic solution poured into this container 5 (un-illustrating). 
The 1st electric double layer capacitor 2 and 2nd electric double layer capacitor 3, It 
comprises independently the layer 8 which consists of carbon on the Al electrode foil 6 
and the Cu electrode foil 7, the carbon electric double layer electrodes 9 and 10 of the 
couple which forms 8\ respectively, and the separator 1 1 by which it was placed between 
this inter-electrode one, respectively. As shown in a figure, the 1st electric double layer 
capacitor 2 and 2nd electric double layer capacitor 3 are rolled round by the rolling-round 
method known conventionally, and form the spiral capacitor layered product 4. This 
capacitor layered product 4 is inserted in the cylindrical container 5. The organic 
electrolysis liquid solution of predetermined concentration is poured into this cylindrical 
container 5 by vacuum impregnation, and you make it go away conventionally, and 
KYAPU is attached by law. 

[0020] In order to prove that the cylindrical capacitor (henceforth a two-layer type 
capacitor) of this example of an embodiment constituted as mentioned above is 
remarkably excellent in the point of an energy density and power density compared with 
the conventional thing, the following comparative examples were prepared. That is, the 
energy storage element (henceforth an one-layer type capacitor) which consists only of 
the 1st electric double layer capacitor was produced in accordance with the described 
method as a comparative example. The two-piece tandem-type capacitor which laminated 
two one-layer type capacitors electrically via the lead was also constituted as a 
comparative example. About the two-layer type capacitor of these comparative examples 
and this example of an embodiment, the characteristic of each energy density and power 
density is made into the value of the ratio to an one-layer capacitor, and it expresses. 
These ratios are the values to current in case an energy density is set to one half in 
constant current charge and discharge mode. 
[0021] 
[Table 1] 
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[0022]It turns out that the two-layer type capacitor is clearly excellent also in an energy 
density and power density. 

[0023]The carbon-sheet electrode which carried out specified quantity support of the 
ruthenium hydroxide expressed with the formula of Ru (OH 3 ) and XH 2 0 instead of the 
carbon electric double layer electrode of the example 1 of the <example 2 of 
embodiment embodiment was formed to Au foil, and what is called an electrochemical 
capacitor electrode was formed. It pinched a separator and by turns like the example 1 of 
an embodiment hereafter, and two-layer lamination was carried out, the electrochemical 
capacitor concerned was rolled round, this was inserted in the cylinder can which is 
excellent in corrosion resistance, the sulfuric acid electrolysis solution was poured in by 
vacuum impregnation, KYAPU enclosure was carried out, and the two-layer capacitor 
was formed. The characteristic of each energy density and power density of an one-layer 
capacitor, the two-piece in- series capacitor which laminated it electrically with a two- 
piece lead, and a two-layer laminated capacitor is shown in Table 2 by the ratio to an one- 
layer capacitor. 
[0024] 
[Table 2] 
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[0025]Thus, even when an electrochemical capacitor is adopted, it turns out that the two- 
layer type capacitor of this example of an embodiment is markedly superior to the 



conventional thing also in which characteristic of an energy density and power density. 
[0026] In the above-mentioned example 1 or 2 of an embodiment, the gestalt of the 
energy storage element was used as the cylindrical shape, and the number of electric 
double layer capacitors was made two-layer. However, as this invention is not limited to 
these examples of an embodiment and shown, for example in drawing 2 , Sectional shape 
of the cross direction (or diameter direction) of an energy storage element can be made 
into polygons, such as an ellipse form (drawing 2 (a)), a triangle (drawing 2 (b)), a square 
( drawing 2 (c)) or a pentagon, and a hexagon. It is also possible to laminate three or more 
layers of electric double layer capacitors. The reference marks 21, 22, and 23 show the 
capacitor layered product laminated three or more layers, respectively among drawing 2 . 
Thus, if rolling up of two or more layers is possible, it is obvious that the capacitor of 
high energy density and high power density can be provided more. 
[0027]The energy storage element based on this invention so that clearly from the above 
example of an embodiment, Even if it adopts which electrode of the electrochemical 
capacitor using the electric double layer capacitor and sulfuric acid electrolysis solution 
using an organic electrolyte of a nonaqueous solvent system, As compared with the 
conventional composition (for example, capacitor which carried out the two-piece series 
of the one-layer capacitor electrically), the characteristic of an energy density and power 
density is remarkably excellent. 

[0028]The energy storage element using the organic electrolysis liquid of a nonaqueous 
solvent system which is intrinsically excellent in an energy density as compared with an 
aqueous solution system electrolysis solution, In the former, since it was not able to 
laminate, the series connection what is called of two or more single cells had to be 
electrically carried out to the high power of high tension by current lead lines, and so, 
high power was not obtained for connection resistance increase of current lead lines, etc. 
However, by taking composition as shown in the above-mentioned example of an 
embodiment, lamination of the electric double layer capacitor using the organic 
electrolysis liquid of a nonaqueous solvent system which is excellent in an energy density 
is attained, and it becomes possible to provide the energy storage element which was 
excellent not only in high energy density but high power density. 
[0029] 

[Effect of the Invention] As explained above, while the energy storage element based on 
this invention can perform lamination of two or more cells by rolling round two or more 
electrode pairs by being constituted as mentioned above and large area-ization of an 
electrode is attained by rolling up, increase of internal resistance is controlled. As a 
result, both an energy density and power density can be increased theoretically. 



TECHNICAL FIELD 



[Field of the Invention]The energy storage element which this invention belongs to the 
field about storage of electrical energy, and attracts attention as a hybrid power supply 
with the cell for electromobiles especially, It is related with an usable energy storage 
element and the still more nearly usable energy storage element as an emergency power 
source or a backup power supply of IC or a memory combining a fuel cell, a solar cell, 
etc. 



PRIOR ART 



[Description of the Prior Art]In recent years, it is prevention of the effective use of 
energy and environmental destruction as SUBJECT which must tackle by global. 
Especially environmental destruction of mass consumption of the fossil fuel 
accompanying development of an automobile industry, the air pollution by exhaust gas, 
etc. poses a serious problem. The not a problem but global measure which can solve such 
a problem on one company or an one-country level are demanded day by day. 
[0003]The advanced nations which include Japan at least are advancing the measure for 
effective use of energy, reexamination of energy-saving technology and new technical 
development, and also the prevention from environmental destruction regardless of inside 
and outside and government and people. Development of the electromobile which being 
observed in recent years drives as an example of such technical development only with 
the hybrid electric vehicle which combined the gasoline engine and the electric motor, or 
an electric motor, Development of the ice thermal storage art which aimed at effective 
use of the night power in a city part, development of a fuel cell with high generation 
efficiency which is excellent in environment nature, and development of the solar cell 
which exploited solar energy further can be mentioned. 

[0004]By the way, in a hybrid electric vehicle or an electromobile, a battery is used as a 
storage power supply of electrical energy. However, it cannot say that the power density 
characteristic of that a battery excels [ that ] in energy density characteristics is enough, 
but using for the power supply system of an electromobile the capacitor which excels a 
battery in the power density characteristic combining a battery is proposed. 
[0005] What is called an electric double layer capacitor uses capacity with a big electric 
double layer produced in the interface of an electrode and an electrolysis solution, and 
takes the electric charge of this double layer like the charge and discharge of a cell. There 
are a thing of an organic solvent system and a thing of an aqueous solution system in an 
electrolysis solution. 

[00061 Drawing 3 is a partial decomposition perspective view of a typical cylindrical 
electric double layer capacitor more publicly known than before. A corrosion-resistant 
electrolysis solution is used for this capacitor, it winds the electrode of a couple, and uses 
it as a cylindrical shape. That is, the filmy electrode layered product which made the 
separator 33 which consists of porous membrane made from polyethylene or 
polypropylene between the filmy anode 31 fabricated with material with big surface area 
like activated carbon and binders, such as a fluoro-resin, and the filmy negative pole 32 
fabricated similarly pinch is wound. Thus, by making it spiral, the surface area of the 
electrode occupied in a capacitor becomes large, and the internal resistance of a capacitor 
becomes small in inverse proportion to it. As a result, ionic conductivity can also use a 
large nonaqueous solvent system electrolysis solution for an electrolysis solution with a 
beam as compared with an aqueous solution system electrolysis solution. Since the 
decomposition voltage of the solvent of this nonaqueous solvent system electrolysis 
solution is high more generally than the decomposition voltage of the water which is a 
solvent of an aqueous solution system electrolysis solution, the capacitor using a 
nonaqueous solvent system electrolysis solution can make that part energy density larger 
than the capacitor which used the aqueous solution system electrolysis solution. By the 
way, the capacitor of the monotonous lamination type instead of a cylindrical shape is 



also known from the former. However, as for the capacitor of a monotonous lamination 
type, while capacitor voltage becomes large in proportion to the number of laminations of 
a cell, the internal resistance by an electrolysis solution will also become large in 
proportion to the number of laminations. For this reason, in a monotonous lamination 
type capacitor, since ionic conductivity cannot use a small nonaqueous solvent system 
electrolysis solution with a beam as compared with an aqueous solution system 
electrolysis solution, an aqueous solution system electrolysis solution is mainly used, and 
much package-ization of a cell is attained by it. However, as already stated, since the 
decomposition voltage of an aqueous solution system electrolysis solution is lower than a 
nonaqueous solvent system electrolysis solution, this monotonous lamination type has 
that part and the problem that an energy density becomes small theoretically. 
[0007]Thus, the conventional capacitor can be said to be that the structure of a capacitor 
is decided by whether the electrolysis solution is an aqueous solution system or a 
nonaqueous solvent liquid system. It is as follows when each feature of this rolled-round 
type and a monotonous lamination type is compared. That is, in a rolled-round type, since 
a nonaqueous solvent liquid system electrolysis solution is used as already stated, there 
are no worries about the corrosion of the metal cylinder can (generally aluminum is used 
for the material of a cylinder can) by an electrolysis solution, and it is easily attained by 
whether a seal is mechanical in a cylinder can, and the method of enclosing in total. 
Conversely, since an aqueous solution system electrolysis solution corrodes a metal 
cylinder can, this is not usually used. On the other hand, an aqueous solution system 
electrolysis solution is extraordinarily cheap as compared with a nonaqueous solvent 
liquid system electrolysis solution, in order that the monotonous lamination type using it 
may laminate two or more cells, there are few member mark as compared with what 
earned out the series connection of cylindrical [ single cell type ] to the same number 
electrical-and-electric-equipment target, and it can be expected that the part will also 
serve as low cost. However, since an aqueous solution system electrolysis solution has 
corrosiveness, metal electrodes, such as aluminum, cannot be used for an electrode, but 
carbon is usually used. As for the seal of an electrolysis solution, resin molding-ization 
for every lamination cell round head is usually made. Therefore, it is not clear which type 
is advantageous in cost. Although the high power of high tension and a high current can 
expect a monotonous lamination type theoretically, Although the series connection of two 
or more them will be carried out electrically and the internal resistance by an electrolysis 
solution is ending with a measure in large area-ization of an electrode, a rolled-round 
type (cylindrical), The connection resistance of electric leads increases and it becomes 
impossible to expect high power density in the case where rolled round as compared with 
the monotonous lamination type, and two or more molds (cylindrical) are connected. 

EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, while the energy storage element based on 
this invention can perform lamination of two or more cells by rolling round two or more 
electrode pairs by being constituted as mentioned above and large area-ization of an 
electrode is attained by rolling up, increase of internal resistance is controlled. As a 
result, both an energy density and power density can be increased theoretically. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention]Thus, in both cases, a conventional cylindrical 
capacitor and monotonous lamination type capacitor have merits and demerits. Namely, 
the laminated structure of the electrode applied to a cylindrical capacitor with high 
decomposition voltage of an electrolysis solution and a separator, Although an energy 
density is high, since resistance of an electrolysis solution is strong, monotonous 
lamination is difficult and power density is inferior in it by connection resistance increase 
of electrode lead lines, etc. also as composition to which two or more these cylindrical 
capacitors are connected. On the other hand, although a monotonous lamination type 
capacitor excels a cylindrical capacitor in power density, an energy density is inferior to a 
part with low decomposition voltage of an electrolysis solution, and a cylindrical thing in 
it. 

[0009]Therefore, this invention solves an aforementioned problem and that [ any ] of an 
energy density and power density is aimed at providing the new energy storage element 
which is excellent in a principle target. 



MEANS 



[Means for Solving the Problem]In order to solve an aforementioned problem, an energy 
storage element based on this invention, It has a capacitor layered product to which the 
plural laminates of the electric double layer capacitor which has two electrodes which 
counter via a separator, and the electric field liquid in which this electrode was dipped 
were carried out, and said capacitor layered product consists of two or more electric 
double layer capacitors wound spirally. 

[0011]Preferably, said electrolysis solution is organic electrolysis liquid of a nonaqueous 
solvent system, or aqueous electrolysis liquid of a drainage system. 
[0012]Preferably, each of said two electrodes is a carbon electric double layer electrode. 
[0013]Preferably, each of said two electrodes is an electrochemical capacitor electrode. 
[0014]Preferably, said electrochemical capacitor electrode is a carbon- sheet electrode 
which supported ruthenium hydroxide expressed with a formula of Ru(OH) 3 and XH 2 0. 
[0015]Preferably, sectional shape of said capacitor layered product is any one shape of a 
cylindrical shape, an ellipse form, and the polygon. 

[00 16] While lamination of two or more cells can be performed and large area-ization of 
an electrode is maintained by rolling up by rolling round two or more electrode pairs, 
increase of internal resistance is controlled. As a result, both an energy density and power 
density can be increased theoretically. 
[0017] 

[Embodiment of the Invention] Below the <example 1 of an embodiment describes one 
embodiment of an energy storage element based on this invention, referring to drawings. 
[00 181 Drawing I is a partial decomposition perspective view of the cylindrical capacitor 
which is an example of 1 embodiment of an energy storage element based on this 
invention. 

[0019]The cylindrical capacitor 1 is provided with the following. 



The capacitor layered product 4 which the 1st electric double layer capacitor 2 and 2nd 
electric double layer capacitor 3 laminated, and was rolled round spirally. 
The container 5 which stores the spiral capacitor layered product 4. 
The electrolytic solution poured into this container 5 (un-illustrating). 
The 1st electric double layer capacitor 2 and 2nd electric double layer capacitor 3, It 
comprises independently the layer 8 which consists of carbon on the Al electrode foil 6 
and the Cu electrode foil 7, the carbon electric double layer electrodes 9 and 10 of the 
couple which forms 8\ respectively, and the separator 1 1 by which it was placed between 
this inter-electrode one, respectively. As shown in a figure, the 1st electric double layer 
capacitor 2 and 2nd electric double layer capacitor 3 are rolled round by the rolling-round 
method known conventionally, and form the spiral capacitor layered product 4. This 
capacitor layered product 4 is inserted in the cylindrical container 5. The organic 
electrolysis liquid solution of predetermined concentration is poured into this cylindrical 
container 5 by vacuum impregnation, and you make it go away conventionally, and 
KYAPU is attached by law. 

[0020] In order to prove that the cylindrical capacitor (henceforth a two-layer type 
capacitor) of this example of an embodiment constituted as mentioned above is 
remarkably excellent in the point of an energy density and power density compared with 
the conventional thing, the following comparative examples were prepared. That is, the 
energy storage element (henceforth an one-layer type capacitor) which consists only of 
the 1st electric double layer capacitor was produced in accordance with the described 
method as a comparative example. The two-piece tandem-type capacitor which laminated 
two one-layer type capacitors electrically via the lead was also constituted as a 
comparative example. About the two-layer type capacitor of these comparative examples 
and this example of an embodiment, the characteristic of each energy density and power 
density is made into the value of the ratio to an one-layer capacitor, and it expresses. 
These ratios are the values to current in case an energy density is set to one half in 
constant current charge and discharge mode. 
[0021] 
[Table 1] 
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[0022]It turns out that the two-layer type capacitor is clearly excellent also in an energy 
density and power density. 

[0023]The carbon-sheet electrode which carried out specified quantity support of the 



ruthenium hydroxide expressed with the formula of Ru (OH3) and XH2O instead of the 
carbon electric double layer electrode of the example 1 of the <example 2 of 
embodiment embodiment was formed to Au foil, and what is called an electrochemical 
capacitor electrode was formed. It pinched a separator and by turns like the example 1 of 
an embodiment hereafter, and two-layer lamination was carried out, the electrochemical 
capacitor concerned was rolled round, this was inserted in the cylinder can which is 
excellent in corrosion resistance, the sulfuric acid electrolysis solution was poured in by 
vacuum impregnation, KYAPU enclosure was carried out, and the two-layer capacitor 
was formed. The characteristic of each energy density and power density of an one-layer 
capacitor, the two-piece in- series capacitor which laminated it electrically with a two- 
piece lead, and a two-layer laminated capacitor is shown in Table 2 by the ratio to an one- 
layer capacitor. 
[0024] 
[Table 2] 
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[0025] Thus, even when an electrochemical capacitor is adopted, it turns out that the two- 
layer type capacitor of this example of an embodiment is markedly superior to the 
conventional thing also in which characteristic of an energy density and power density. 
[0026] In the above-mentioned example 1 or 2 of an embodiment, the gestalt of the 
energy storage element was used as the cylindrical shape, and the number of electric 
double layer capacitors was made two-layer. However, as this invention is not limited to 
these examples of an embodiment and shown, for example in drawing 2, Sectional shape 
of the cross direction (or diameter direction) of an energy storage element can be made 
into polygons, such as an ellipse form ( drawing 2 (a)), a triangle ( drawing 2 (b)\ a square 
(drawing 2 (c)) or a pentagon, and a hexagon. It is also possible to laminate three or more 
layers of electric double layer capacitors. The reference marks 21, 22, and 23 show the 
capacitor layered product laminated three or more layers, respectively among drawing 2. 
Thus, if rolling up of two or more layers is possible, it is obvious that the capacitor of 
high energy density and high power density can be provided more. 
[0027]The energy storage element based on this invention so that clearly from the above 
example of an embodiment, Even if it adopts which electrode of the electrochemical 
capacitor using the electric double layer capacitor and sulfuric acid electrolysis solution 
using an organic electrolyte of a nonaqueous solvent system, As compared with the 
conventional composition (for example, capacitor which carried out the two-piece series 



of the one-layer capacitor electrically), the characteristic of an energy density and power 
density is remarkably excellent. 

[0028]The energy storage element using the organic electrolysis liquid of a nonaqueous 
solvent system which is intrinsically excellent in an energy density as compared with an 
aqueous solution system electrolysis solution, In the former, since it was not able to 
laminate, the series connection what is called of two or more single cells had to be 
electrically carried out to the high power of high tension by current lead lines, and so, 
high power was not obtained for connection resistance increase of current lead lines, etc. 
However, by taking composition as shown in the above-mentioned example of an 
embodiment, lamination of the electric double layer capacitor using the organic 
electrolysis liquid of a nonaqueous solvent system which is excellent in an energy density 
is attained, and it becomes possible to provide the energy storage element which was 
excellent not only in high energy density but high power density. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing H it is a cylindrical capacitor **** thing which is an example of 1 embodiment 
of an energy storage element based on this invention, and is a sectional view of the 
portion which enclosed (a) with the partial decomposition perspective view, and enclosed 
(b) with the dashed line in (a). 

[Drawing 21 It is a perspective view showing other examples of an embodiment of an 
energy storage element based on this invention, and crosswise (or diameter direction) 
sectional shape differs between (a) thru/or (c), respectively. 

[Drawing 3 l it is a partial decomposition perspective view of the conventional cylindrical 
electric double layer capacitor. 
[Description of Notations] 

1 Cylindrical capacitor 

2 The 1 st electric double layer capacitor layer 

3 The 2nd electric double layer capacitor layer 

4 Capacitor layered product 

5 Container 

6 Al electrode foil 

7 Cu electrode foil 

8 The layer which consists of carbon 

9 and 10 Carbon electric double layer electrode 
1 1 Separator 



DRAWINGS 



[Drawing 1] 



